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W. Paciesas continued to support BATSE in meetings and
reviews related to testing, calibration, and mission operations

and data analysis software development. He is the BATSE

representative on the GRO Data Operations Group (GRODOG) and the

GRO Users' Committee. In this regard he provided BATSE inputs in
development of the GRODOG Report which was finally issued in

July, the NASA Research Announcement for the GRO Guest

Investigator Program which was finally issued in January, and the

GRO Project Data Management Plan which was released in draft form

in February. Portions of this material were used as the basis

for an invited paper presented by Paciesas at the GRO Workshop in

April which was also included in the Workshop proceedings

(Paciesas et al., Appendix A).

Paciesas served as BATSE Mission Operations Software

Development Manager and also chaired the Level V Configuration
Control Board for the MOPS software. The MOPS Software Test

Readiness Review was held on September 13 and portions of the

software were used to support GRO End-to-End test #2 on October 2

& 4 and End-to-End test #2A on November 30. During the period of

performance of this delivery order the following units completed

unit testing and were placed under configuration control:

SENDER, SENDMESSAGE, INST_MODEL_EDITOR, SOURCE CATALOG_EDITOR,
CHECK CPU_MEMOR¥, X25_MANAGER, GET_DATA, GET_TIME,

SET QUALITY_FLAGS, ADD_QUALITYFLAGS, and SPECIFY_QUALITY_MASK.
Phase 1 of software formal testing began in November but the

beginning of phase 2 of formal testing is not expected to begin

until May 1990. P. Moore provided administrative assistance in
the MOPS software development effort and was also given the

responsibility to code and test the BURST DISPLAY unit. Paciesas

and Moore compiled and edited the first draft of the MOPS

Software User's Manual which was distributed on September 6.

Paciesas also served as scientific liaison overseeing

development of the BATSE Spectral Analysis Software (BSAS) by
GSFC. G. Pendleton assisted in scientific validation of the

model-independent spectral deconvolution algorithm developed for

BSAS by B. Schaefer (GSFC). Pendleton and K. Hong analyzed data

from balloon flights of BATSE-type detectors and showed that the
known spectrum of the Crab Nebula could be satisfactorily

reproduced using Schaefer's technique (Figure i). The progress

of BSAS software development was reviewed at the BATSE Science

Team Meetinq on Nov. 8 and at the GRO Project Software Review on

Jan. 23. The first build of the software completed testing in

February and was received by MSFC for installation in early

March. The build included the modules REDUCE, MODFIT, QFIT,

QPHOTN, PHOTON, and MATRIX, plus INGRES tables and some

additional utilities for generating test data.

G. Pendleton has led the joint UAH/MSFC effort to develop
matrices suitable for use with the BSAS spectral deconvolution

algorithms. He presented some of the results at the GRO Workshop

on April 10-12 in a poster paper entitled "The BATSE Detector
Response Matrices" (Pendleton et al., Appendix B). He also

summarized plans and progress at the BATSE Science Team Meeting



(NOV. 8) and the _O Project Software Review on Jan. 23.

Paciesas presented some of the calibration results at the SPIE

Workshop on EUV, X-Ray, and Gamma-Ray Instrumentation for
Astronomy and Atomic Physics during August 7-11 (Paciesas et al.,

Appendix C).

Paciesas supported the BATSE thermal/vacuum test at TRW in

early August. Pendleton supported instrument data runs at TRW in
October.

The following subcontractors supported this delivery order:

Dr. Jon Hakkila (Mankato State U.) visited UAH and MSFC on March

31 to discuss algorithms for analysis BATSE data to derive burst

sky distributions, and Mr. Christopher Start (Ca1 Tech) visited
UAH and MSFC on June 12 to discuss pulsar timing algorithms for

BATSE data analysis.
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Hard X-ray spectrum of the Crab Nebula obtained with a

112 s observation on the balloon flight of"April 9.1988. The data

have been deconvolved using a model-independent inversion
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Jung (19s9).
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ABSTRACT

The Burstand TransientSourceExperiment(BATSE) detectssourcesby lookingfortime

variability,eitherintrinsicto a source(suchas _/-rayburstsor pulsars)or inducedby earth

occultation.Techniquesforanalysisofthedataaredependenton thenatureofthevariability;

moreover,theBATSE dataareformatteddifferentlyforthedifferentanalysistechniques.Cer-

tainsoftwarefunctions(suchasspectraldeconvolution)areusefulforallsourcesoncethe data

have been processedsufficiently.We describehereina setofsoftwarepackageswhich willbe
usedto analyzethe BATSE data.We alsosummarizethe natureofthe data baseswhich are

producedduringtheanalysisand discusstheirpotentialavailabilityforguestinvestigations.

The primaryfacilityforanalysisofBATSE datawillbe locatedatNASA/MarshaU Space

FlightCenter(MSFC). Additionalfacilitiesat NASA]Goddard Space FlightCenter(GSFC)

and the UniversityofCalifornia,San Diego(UCSD), willbe capableofimplementinga subset

of the functionsof the primaryfacility.Guest Investigatorsupport willbe availableat the

primaryanalysisfacilityduringtheGRO mission.

1. Description of Data Analysis Flow

BATSE data istransmitteddailyfrom the Packet ProcessingFacility(PACOR) at GSFC to MSFC

via the GRO Data Distributionand Command System (DDCS) in increments of one day. Figure 1

illustratesthe flowofdata afterreceiptatMSFC. Storageoftheraw data inthe BATSE data archive

isa mission operations(MOPS) function.The MOPS functionswhich relateto data analysisalso

includefirst-cutmonitoring of data quality,monitoringofdetectorg_n and resolution,calculation

of varioussecondary spacecraftparameters such as the localmagnetic field,end quick-lookscience

analysissuch as first-cutburst location.The MOPS functionsalsoincludedistributionofa portion

of the raw data to co-investigatorsat GSFC and UCSD.
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Figure 1: BATSE Data Analysis Flow Diagram
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The BATSE data archive is stored on the Marshall Archival System (MARS), an optical disk

storage system which is maintained by MSFC for archival of flight data from v_rious experiments.

The other components of the primary data base are stored initially on magnetic disk, with archival

backups to either local optical disk or magnetic tape. Analysis using a particular technique generally

will proceed by generation of the appropriate secondary data base from the primary data base

using the raw data combined with the calibration data, quality criteria, spacecraft parameters,

and the BATSE instrument model. (The occultation analysis is expected to be an exceptional

case, as discussed below.) Subsequent analysis results and processed data are stored in tertiary

Processed Data Bases (PDB's) which are managed using the commercially-available INGRES data

base management system.

Burst analysis is the primary BATSE science objective. The Individual Burst Data Base (IBDB)

which is produced for burst (and solar flare) analysis contains essentially the raw data dump of

the on-board burst memory together with associated background data. Burst analysis software

performs gain correction, constructs spectra and time histor/es with optional rebinning and back-

ground subtraction,and storesthe accumulated data in the Burst PDB. Burst analysisfunctions

includeburstlocation,temporal analyses(Fourierpower spectra,epoch folding,etc.),time-resolved

spectraldeconvolution,displayof temporal evolutionof spectra,l-fitparameters,and derivationof

parameters forglobalstudiessuch as logN/log S. Intermediateand finalresultsmay be storedin
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the Burst PDB. Burst and solar flare catalogs are maintained and will be m_de available for public
access.

Pulsar analy_ isa secondary BATSE scienceobjective.Production of the Pulsar Corrected

Data Base (PCDB) takesone of two forms depending on whether on-board foldinghas been per-

formed or not. If folded on-board, various correctionsfor folding-periodoffset,overflowsand

unequal bin widths must be appliedin additionto the standard Doppler corrections.Ifon-ground

foldingisto be performed, the PCDB consistsmostly ofraw rates,possiblybinned in time and/or

energy,with appropriate Doppler corrections.Pulsar analysisincludesfunctionsfor lightcurve

display,lightcurve model fitting,time-resolvedspectroscopy,and displayof temporal evolutionof

fitparameters. Intermediateand finalanalysisresultsmay be storedin the Pulsar PDB. A pulsar

sourcecatalogismaintained and willbe made availableforpublicaccess.

The Background Data Base (BDB) isintended to facilitatestudiesof background variations

which may lead to development ofimproved background models and/or discoveryof non-tri_ered

burstsor intermedlate-timescaletransientevents.Software analysistoolsconsistprimarilyof dis-

play programs, spectralanalysisfunctionssuch as line-fitting,and temporal search algorithms.

Intermediate and Anal resultsmay be storedin the Background PBD. Applicationsoftware may

be developed by usersas requiredforparticularinvestigations.

The monitoring of persistentand long-term transientsourcesusing earth occultationisalsoa

secondary BATSE objective.This analysisisexpected to be particularlycomplex, requiringcare-

fulscientificmonitoring. The softwareisexpected to evolveconsiderablyas the mission proceeds;

hence, data base definitionisstillin progress. Present planning indicatesthat creationof a sec-

ondary data base _ in the other types of analysisisprobably not useful.The major occultation

analysissoftwarewould work directlyon the raw data,developingsourcetime historieswith modest

spectralresolutionwhich would be storedin the OccultationPDB. Spectraldeconvolution of the

data may be performed and the resultsalsostoredin the PDB.

A primary component ofalldata analysisisspectralanalysis,includinglinesearchesand spec-

traldeconvolution.A software package, the BATSE SpectralAnalysis Software (BSAS) isbeing

developed for thispurpose by BATSE co-investigatorsat GSFC and itwillbe transported to

other BATSE team facilitiesat MSFC and UCSD. Though primarilyintended foranalysisofburst

spectra,the package willalsobe used forany spectralstudiesin the other analysismodes.

2. Instrument Analysis Center Data Bases

Three types of secondary data bases are produced for data analysis:the IndividualBurst Data

Base (IBDB), the Background Data Base (BDB), and the Pulsar Corrected Data Base (PCDB).

At MSFC, them are createdas needed fora specificapplicationfrom the Primary Production Data

Base and generallynot archived. The IBDB and BDB formats are used to distributea subset

of the BATSE data to co-investigatorsat GSFC and UCSD, where localarchivesof these data

bases are maintained. These data bases generallyconsistof essentiallyraw data which satisfies

certainqualitycriteria,together with associatedcalibrationparameters, spacecraftparameters,

and pointersto relevantinstrument model data (primarilyresponsematrices).Pulsardata undergo

some correctionsto eliminatecertaintypes of overflowconditions.The data may be summed over

selectedtime and/or energy domains. Occultationanalysisdoesnot lenditselfto usefulcompression

at thislevel,and we do not anticipatecreatinga secondary data base for thispurpose.

The terti_'yPDB's containgain-correctedspectralfilesand time-historyfiles,together with

variousother filesof intermediateor finalanalysisresults.There are four PDB's: one each for

burst,background, pulsar,and occultationanalyses(solarflaresare maintained in the burst PDB).



The spectral and time-history tiles are typically binned in the ener_D" and/or time domains relative

to the secondary data base. Header relations and pointers to each of these ftle_ are maintained and

managed with INGRES. INGRES also effectively maintains a history of analyses performed for each

source. Individual users will typically have their own copy of a subset of the PDB while a particular

investigationisin progress.Selectedresultsand intermediatedata filesmay then incorporatedinto

the institutionalmaster copy of a PDB at the user'soption (appropriateprivilegesare required).

Inspectionof the institutionalPDB thus enables a quick survey of work alreadycompleted on a

particularsource and helps to eliminateduplicationof effort.

3. Public Data Bases & Data Products

Within the GRO Guest Investigator(GI) program (Bunner 1989) a si_m//icantdistinctionismade

between high-leveland low-leveldata. The high-leveldata products willbe analyzablein a relatively

independent manner whereas use oflow-leveldata willrequireclosecollaborationwith the Principal

Investigator(PI) team, typicallyinvolvinga period of residenceat a PI institution.

Any data which can be storedin a BATSE PDB are,in principle,av_lable as high-leveldata.

Standard setsof time-historiesand pulse-heightspectra (with associatedresponse matrices and

calibrationparameters) willbe produced foreach burst,solarfare,pulsar(on-board foldingonly),

and brightoccultationsource. Requests for non-standard data sets(e.g.,differentenergy or time

binning, differentburst data types,weaker occultationsources,raw data for on-ground pulsar

foldingor other temporal analysis)willbe consideredspecialprocessing,and willbe honored on a

resource-limitedbasis.High-leveldata willbe availableeitherin FlexibleImage Transport System

(FITS) format or in the BATSE PDB format. The latterwillbe usefulifthe BSAS package is

transportedto a GI system.

The remaining BATSE data (secondary data bases or,in the case of occultationanalysis,the

primary data base) are availableto GI's as low-leveldata. Typically,use of these data products

would involvespending some time at MSFC, sinceno resourcesh_.vebeen allocatedforGI visitsto

GSFC or UCSD. Once the GI attainssufficientfamiliaritywith the instrument characteristicsand

analysistechniques,arrangements to transportrelevantsoftwareand/or low-leveldata to another

institutionwillbe consideredon a case-by-casebasis.

Catalogs of BATSE observations/investigationsof bursts,solarfares,occultationsources,and

pulsarsourceswillbe generated duringdata analysis.Data analysiscatalogsof bursts,solarflares,

occultationsources,and pulsarsourceswillbe availableforpublicinspectionvia remote logon over

the Space Physics AnalysisNetwork (SPAN). Access via other means isbeing considered.

The BATSE burst and solarfare triggersignalsaresentinrealtime to the otherinstrumentson

the GRO. As part of MOPS, BATSE willprovideadditionalinformationsuch as first-cutlocation

of burststo interestedGR.O instrumentersvia the GRO DDCS. A similarservicewillbe av_lable

via SPAN using VAX mail. Some form ofpublicaccessvia SPAN willbe available;the detailshave

not yet been defined.

4. Data Analysis Environment

The BATSE data analysisenvironment at MSFC consistsentirelyofDigitalEquipment Corporation

(DEC) VAX systems inan ethernetclusterphysicallylocatedinthe Space ScienceLaboratory (SSL_

building4481). Machines on the clusterwhich are availableforBATSE data analysisincludea VAX

11/780 and a VAX 8250. Aproximately 600 Mbyte ofmagnetic diskstorageisavailableforexclusive

BATSE use. Hardware which isplanned for purchase in FY89 includesthreeVAXstation 3100's



with a total of _500 megabytes of additional disk storage. Four additional VAXstation 3100's plus

an additional. 600 Mbyte disk drive for the SSL cluster are planned for purchase in FYg0. All

systems operate under VAX/VMS. Peripherals available on the cluster include line printers, laser

printers, 6250 bpi magnetic tape drives, pen plotters, and an optical disk Write-Once/Read-Many

(WORM) drive.

The MARS is used for archival of the raw BATSE data. It is a custom-built optical disk WORM

storagesystem which isshared with other MSFC projects.The system consistsof 128 disksin a

jukebox arrangement. Each diskhas a capacityof ,_10Gbyte, resultingin a totalsystem capacity

of ,_I Tbyte. One year of BATSE packet data takes ,,_I_ of MARS capacity.The front-end

interfaceto MARS isa VAX system, running VAX/VMS. ORACLE isused to maintain on VAX

diska catalogof the data archive.MARS islocatedin building4487 at MSFC; accessto MARS is

via an InstitutionalArea Network.

5. Data Analysis Software

We have somewhat arbitrarily specified the BATSE data analysis software in terms of a number

of packages. The current development status of the packages varies. Some are almost completely

coded, while others are in requirements specification or preliminary design. We discuss each pac "k_ge

in the subsections which follow. First, however, some general comments which relate to software
portability are warranted.

-...../

All BATSE data analysis software runs under VMS. Use of VMS system-specific calls has

been minimized but not prohibitedin softwaredevelopment. For softwarenot yet developed,

we are consideringeliminatingsuch usage. Severalpackages use proprietaxycommercial or

public domain products which axe availablein versionswhich run under other operating

systems. We have no plans to perform any testswhich would assurethata_y ofour packages

which use such softwarewillin factrun under another operatingsystem.

Most of the software is written in FORTRAN. VAX FORTRAN is a superset of ANSI

FORTRAN-77. Although allpackages are compiled under VAX FORTRAN, some develop-

ment restrictionsexistwith regardto use ofnon-ANSI constructs.Additionalrestrictionsaxe

being consideredwhich may be applicableto futuresoftwaredevelopment.

For many packages the user shellisa package calledTransportable ApplicationsExecutive

(TAE) which isavailablefrom COSMIC (NASA's Computer Software Management and In-

formation Center). Versions of TAE are availablefor several_differentoperating systems

(includingUNIX). The PDB's are managed using INGRES, a commercial product which is

also availablein versionsfor other operatingsystems. At leasttwo graphics packages axe

used: GKS-compatible NCAR Graphics and MONGO.

The commercial package IDL (or itsmore recentsuccessorPV_WAVE) may be used in

implementing some functionsin packages which have not yet entered the coding phase.

5.1. BATSE Spectral Analysis Software (BSAS)

This packageisused inalldata analysisfunctionsforspectraldeconvolutionand model-fitting.Rou-

tinesare av'&ilableforaccumulation and rebinningofspectrafrom the secondary data bases,ba_-

ground subtractionusing severaldifferentalgorithms,traditionalmodel-dependent least-squares



spectraldeconvolution,spectrallinesearches and fitting,model-independent deconvolution us-

ing directmatrix inversion,model-fittingto model-independent photon spectraldata, displayof

pulse-heightor photon data and model fits,and determinationof burst-specificparameters such as

fluence.Analysisresultsare storedautomaticallyin a userversionof the PDB and may be stored

at the user'soption in the appropriateinstitutionalmaster PDB. The spectraldeconvolutionisa

fairlycomplex task;however, many astronomers,particularlythose with high-energyexperience,

are familiarwith the problems involved.

The package usesTAE, INGRES, and MONGO. In particular,itmakes extensiveuseof[NGRES

forms forinput menus. Graphics hardware which supports Tektronics 4010/4014 standard isre-

quired for displays.A certaindegree of portabilityexistsbecause the package is written to be

used at three differentBATSE institutions:MSFC, GSFC, and UCSD. However, allthree have

VAX systems running under VMS, and allwillhave the necessaryassociatedsoftwareand graphics
hardware.

5.2. Mission Operations

This package is used in performing the dailytasks involvedin Mission Operations (MOPS). It

includesvariousroutinesforcommunication with the GRO DDCS, monitoring of instrument con-

figurationand performance, mission planning and command generation,instrument model data

base management, data archival,and quick-lookscience. It is also used to distributedata to

BATSE co-investigatorsand GSFC and UCSD via SPAN. Itgenerallyoperates only on the raw

data set from the most recent day. However, fliesof recenthistoryof selectedparameters are

maintained;the latterare used as input to certaindata analysis functionswhich maintain a local

(non-MARS) archiveof certainparameters. Other MOPS functionswhich relatedirectlyto data

analysisincludereformattingofdata forMARS archival,first-cutdata qualitymonitoring,first-cut

burst location,burst time-historydisplay,bright-sourceoccultationmonitoring,calculationofsec-

ondary spacecraftparameters such as Mcllwain (L,B) coordinates,and monitoring ofdetectorgain

and resolution.Complexity ismoderate in most cases,except for burst locationand occultation

monitoring,which involveconsiderablealgorithmicsubtleties.

The MOPS package usesTAE and GKS-compatible NCAR Graphics. Graphics hardware com-

patiblewith 4010/4014 isrequired fordisplays.Non-ANSI featuresof VAX FORTRAN are used

extensively.Specifichardware interfacesare requiredfor communication with the GRO DDCS.

Although the package was not intended to be used outsideI_fSFC,portionswillbe adapted foruse

in data analysis,at which time portability-relatedimprovements may be considered.

5.3. Burst Data Analysis

Some burst data analysiswillbe accomplished usingMOPS software(with minor modifications).

BSAS willbe used for burst spectralanalysis.Additionalburst analysissoftwareis requiredto

implement otherfunctions:IBDB generation,optimizedburstlocation,displayofsky distributions,

sky exposure map computations, isotropyanalysis,improved time-historydisplayutilities,burst

periodicitystudiesusing epoch-foldingor Fourierpower spectra,instantaneous burst detection

efficiency,etc. This software is stillin early development, so portabilityconstraintscould be

applied ifdeemed appropriate. Many functionswillbe implemented using IDL. Some functions

are relativelystraightforward.Others such as sky exposure map computations are not trivialand

requiresome considerablescientificoversight.Some functionswillbe requireaccessto the burst

PDB and thereforewillhave an INGRES interface.

x..../



5.4. Pulsar analysis

Pulsar analysis software is required to implement various functions: PCDB generation, epoch-

folding, Fourier power spectral analysis, lightcurve display utilities, light-curve fitting, pulsar pa-

rameter time-history display, etc. This software is in early development, so that portability con-

straints could be applied where deemed appropriate. Algorithms for these functions are relatively

standard. Many functions will be implemented using IDL. Most functions will require access to the

pulsar PDB and therefore will have an INGRES interface. BSAS will be used for spectral analysis.

5.5. Occultation analysis

MOPS software will be adapted to use in data analysis for bright-source occultation studies not

already performed in MOPS. BSAS will be used for spectral analysis. Some utiltiies are required:

sky distributions, source time-history display, etc. Software for this purpose is in early development,

so that portability constraints could be applied as appropriate. Complexity is minima/. Additional

software is required in order to implement an optimized source search strategy. The algorithms will
require considerable refinement in order to reduce systematic errors. IDL will be used extensively

in analyses of the systematics. Portability is not expected to be a consideration, since independent

analysis of these data is not likely. Some functions will require access to the occultation PDB and
therefore will have an INGRES interface.

5.6. Background analysis

Background analysis software is required to generate the BDB and to implement the non-triggered

burst search and line-transient search. BSAS will be used for background spectral analysis. Addi-

tional software is in early development. Access to the background PDB and burst PDB via INGRES

will be required. Systematic subtleties make the background analysis a complex task which is not

expected to be performed independently by GI's.

5.7. High-level data base generation

This is a straightforward set of utilities for generation of high-level data for distribution to GI's.

The software will extract the necessary data from the appropr/ate PDB and convert it to FITS

format. The package will be developed during the first year of GRO operation.

5.8. Response matrix generation

Sensitivity attainable with both low-level and high-level data products will improve significantly

as the instrument model (detector response matrices and atmospheric and spacecraft scattering

corrections) becomes more sophisticated. The improvements will result from better Monte Carlo

simulations as well as empirical adjustment using data from sources with known locations and/or

spectra (e.g., Crab Nebula, solar flaxes, orbiting nuclear reactors). Software for Monte Carlo

modeling exists at MSFC but neither portability nor user-friendliness were seriously considered

during development. By nature, the Monte Carlo studies require intensive scientific involvement.

Empirical adjustment studies will be performed using the ex3sting analysis routines, with possible

use of IDL. Refinement of the response matrices is a major function of the PI team. Our approach

to response matrix generation is described by Pendleton et al. (1989).



6. Support for Guest Investigators

The GRO scienceofficeis expected to provide one scientistto act as GI liaisonon a hMf-time

basis.The BATSE team plans to designateone scientist(half-time),one pro_ra_nmer (full-time)

and one data technician(half-time)to provide additionalGI support. At leastone VAXstation

3100 willbe availableto GI's on a prioritybasis.The linkto SPAN willenable remote logon and

accessto catalogs,data bases,and software (with appropriaterestrictions).Although portionsof

the BATSE data and software axe availableat GSFC and UCSD, there are no plans to provide

additionalresourcesat eitherof thesesitesto support Grs.

7. Data Access Schedule and Mechanisms

Access to low-leveldata willbe availableat MSFC beginning in the firstyear. We anticipate

supporting ,,_2-4Grs during the /irstyear. Standard high-leveldata products willbe available

from MSFC in a Rev. 0 releaseduring the second year. We anticipateseveralrevisedreleasesof

standard high-leveldata at intervalsof about a year. The standard high-leveldata products will

alsobe incorporatedinto NASA's Astrophysics Data System (ADS). We plan to deliverdata in

FITS format to the appropriateADS node within one year afterreceiptof data in usableform.

The BATSE burst catalog,solarflarecatMog, occultationsource catMog, and pulsar source

catalogwillbe availablefor publicaccessthrough MSFC during the second year. It isexpected

thatBATSE catalogswilleventuallybe incorporatedintothe ADS AstrophysicsMaster Directory;

the schedule forthishas not been defined.
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Abstract

The detector response matrices for the BATSE large area detectors and spectroscopy detec-
tors are being generated using EGS Monte Carlo simulations that are verified by comparison
with experimental data. The format of this procedure is discussed. Data exhibiting the angular
response of the detectors are presented. The format in which the detector response matrices are
to be stored for general access is described. Future work for refining the matrices is outlined.

_.._j

1 Introduction

The detectorresponse matrices for the BATSE detectorsare necessaryfor any spectralanalysis

and for burst location.These matrices chaxactrizethe detectoroutput for a given energy input.

The spectralresponse functionsfor the BATSE detectors,particularlythe largearea detectors,

exhibitsignificantCompton tailsat higherphoton energies.Therefore precisecharacterizationof

the detectorresponsematrices isrequiredforany type of photon spectrum reconstruction.Also a

thorough understanding of the angular responseof the largearea detectorsisnecessaryforreliable

burst location. Scatteringof photon fluxoff the atmosphere isaddressed elsewhere and isnot

discussed in this paper.

2 Experimental Verification of Monte Carlo Simulations

A comprehensive set of BATSE detector tests have been performed. Those testsfocusingon

detectorspectralresponse functionsaxe the Angular Response testsand the Absolute Efficiency

tests.In theseteststhe detectorswere exposed to monoenergetic nuclear"f-raysourcesand spectra

were collected.Although a varietyof sourceswere employed, the detectorresponse functionswere

measured only at tlieenergiesof the _,-raysthat the nuclearsourcesproduced.

In order toextend the detectorresponse functionsbetween the energiesmeasured in the tests

Monte Carlo simulationsare employed. The accuracy of the simulationresultsisconfirmed by

comparison with the experimental testresults.Also, detailedanalysisof the simulationresults

yieldsan improved understanding of systematic characteristicsof the detectorsand of the test

environment. The simulationscan be used to extend the detector response matrices to energies

above 3 MeV where measurements have not been performed.

In order to accuratelyreproduce the experimental measurements with Monte Carlo calcula-

tionsthe detectorgeometry and testenvironment geometry must be simulated in detail.These

simulationsaxe performed with the EGS electron-photonshower code (Ford et al.)and a general

geometry routinewritten by the principalauthor. Figure3.shows an outlineof the geometry used



for the large area detector simulation. The figure is a nearly edge on view of the detector geometry

surrounded by objects present in the test environment. Shown are the anticoincidence assembly,

the detector crystal assembly, the light collection cone, and a compressed volume for the detector

base.

In figure 2 the detector is shown in the angular response test geometry. Here the detector

rests on a raised stand and is exposed to a collimated monoenergetic photon beam. The sources

used in the angular response testswere placed in a lea_icollimatorwith an opening angle of 11.5°.

In these teststhe detector module was rotated about a verticalaxisto positionsspanning 360°.

Each positioncorresponded to a specificangle between the detectornormal and the incidentphoton

beam. The detectorresponse forboth the largeareadetectors(LAD's) and the spectroscopy(SD's)

detectorswas measured at each position.The dat& obtained characterizethe an_lar response of

both the LAD's and SD's.

Figure 3 shows the spectraobtained at vazionsanglesforthe LAD's and SD's from exposure

to a C's13_'source (a 662 keV "/-raysource)during the angular response tests.The numbers on

the 8,raphsthemselves(0 degs, etc.)identifythe response functionsat specificanglesbetween the

detectornormal and incidentphoton beam direction.The an_ular response of the LAD's isquite

strong,as intended,where as the angular response of the spec detectorsisnot as pronounced.

Figure 4 shows spectra generated using the Monte Carlo simulationforan LAD exposed to a

C's137sourceat0° and at 90°. The spectrawere obtained by takingthe energy depositionspectrum

in the LAD crystaland subjectingitto two procedures. Firstthe radialresponse of the crystal

was taken into account; the luminosityresponse measured by the LAD phototubes to an energy

depositionat the edge of the LAD crystalisabout 85% ofthe response measured due to an enerIW

depositionat the centerof the crystal.This behavior has been measured experimentallyand can

be characterizedby a radialresponse function.I.norder to incorporatethisfeatureof the detector

response intothe Monte Carlo spectra,each energy depositionwas adjustedby the radialresponse

functionbeforebeing added to the energy depositionspectrum. Secondly a statisticalbroadening

function dependent on energy was applied to the data to produce the spectra shown in figure4.

These procedures willbe describedin much greaterdetailin a seriesof forthcoming papers.

3 Detector Response Matrix Storage Format

The actualdetector response matrices willbe generated in a comprehensive set of Monte Carlo

production runs thissummer and fall.The detectorresponse matrix data willbe storedin rows

where each row correspondsto the detectorresponse at a specificinput energy.An example of the

shape of such a row isthe C's137spectrum which shows the detectorresponse to 662 keV -/-rays.

Each of theserows willconsistof a 60 point piecewiselinearfitthat willextend from the detector

thresholdto 150% of the photopeak energy. What thismeans isthat the spacing between points

in a.row willbe E_,_• 1.5/59.(E_,_being the input energy). This format resultsin a compressed

matrix for storage.

This storageformat has a number ofadvantages. Most featuresofthe detectorresponse matrix,

are linearlydependent on input energy. Therefore ifitis necessary to determine the detector

response at an input energy between two ofthe rows of the responsematrix itwillbe more accurate

to extrapolatebetween two rows in the compressed matrix space. For example in the compressed

matrix space the photopeaks of differentinput energieslineup a,udthe extrapolationbetween the

peaks ismore accurate.This isthe extrapolationtechniqueemployed in the creationof rebinned

detector response matrices when calculatingthe valuesat bin edges between matrix rows. The

matrix can then be recastin conventionalenergy space foruse in analysis.The restorationof the



matrix to conventional uncompressed form will be an automatic feature of the spectral analysis

softwaxe (Scha_qa"et a/.,1989).The user willselectthe binning and energy range desired and

the softwaxe willproduce the appropriatematrix in standard uncompressed form. Therefore the

compressed m_trix storageformat willnot inconveniencethe user.

Another a_Iva_tageofthe compressed format isthatitoptimizesthe ratioof informationcontent

to storagespace forthe matrices.This istruefortwo reasons.First,the uncompressed matrix has

a laxgenumber of zeroelements at output energiesabove the input energy. These axe not present

in the compressed format. Second, sincethe detailnecessaryat lower energiesisnot necessaryat

higherenergies,no informationisgained by storingthe matrix in uncompressed form.

In the compressed format any number of rows can be stored (i.e.the format is not limited

by the constraintsof a squaxe matrix). This means that we can store the SD response matrices

over the energy range from 15 keV to 100 or more MeV. Storing such a matrix in conventional

form with a 2 keV accuracy (necessaxyat around 15 keV) would requiresomething likea 50,000 x

50,000 element axray which isway too big. The compressed matrix format allowsus to storethe

smme data in a 60 × 100 or 200 element array whose sizewe can a_ljustdepending on the accuracy
desired.

Finallythe angulax responsemust be addressed.The matrix format above appliesto a detector

responsematrix calculatedfor_,-raysatone paxticulaxangleofincidencewith respectto the detector

normal (one paxticulaxpolaxangle).Azimuthal vaxiationsinthe detectorresponsematrices atRxed

polar anglesare not consideredin the 11rstgenerationof detectorresponse matrices.However the

detectorresponsematrices must span polarincidencea_glesfrom 0° to 90° or more. To storethese

matrices efficientlyeach element of the compressed matrix ispaxameterized in 0, the polax angle

ofincidence.At presenta 4 coefficientparaxneterizationof each matrix element iscalculated.The

matrix elements at incidenceangle 0 axe calculatedfrom

x = A •r1(O)+ B •F2(O)+ C • + L)•F,(O)

This paxa.meterizationtechniquewas adopted because of the complexity ofthe angulax response

ofthe LAD's. Here each element ofthearray can vaxywith 0 independently.Thereforeitcan handle

virtuallyany 0 dependent v_riationsin the responsematrices.At thistime the fourfunctionsFI(O)

through F4(O) are those of a general cubic polynomiM. If during the matrix data generation

phase we lindanother set of four functionsthat produce a significantlymore _ccurate fitto the

aTxgulardependence of the detectorresponse we willuse those. The coefficientsA, ]_,C, and D

axe the quantitiesthat willbe stored. This way the entireresponse matrix set can be stored

in four compressed matrices of coefficients.This paramaterizationisa structureinternalto the

spectra_analysissoftwaxe.The softwaxewillautomatica£1ygeneratethe uncompressed matrix for

the appropriateangleof incidenceforeach detector.

As our understanding of the detectorresponse matrices increases,azimuthal dependence and

individualdetector chaxacteristicscan be incorporated into the response matrix set. This will

resultin natincreasein the number of parameters per matrix element and sepaxationof the eight

individualdetectorresponsematrix sets.The improvements indetectorresponse willbe generated

with the GRO mass model code a_teritisfullytestedand compared with experimentaltests.The

GRO mass model code stillunder constructionwillbe testedusing the data obtained during the

GRO source survey test. In thistest-/-raysources were exposed to the entirespacecr_t with

the BATSE modules attached in flightconfiguration.Data were collectedfrom the entireBATSE

system operating in thiscase as an allspacecraftmonitor. The data willbe used to determine

the contributionof spacecraftscatteringto the response matrices.They willalsobe used to test

the accuracy of the mass model geometry code. The testsetup willbe simulated indetailand the
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simulated spectrL generated will be compared with the data collected to verify the operation of the

code. Once the s/mulation code is shown to be operating correctly the geometry for the spacecraft in

orbit will be input. With this simulation it should be possible to incorporate azimuthxt dependence
into the detector response matrices.

4 Implementation of the Matrices

The basic response matrices including angular dependence will be implemented in the software

before launch. Matrices with azimuthal dependence will be implemented as soon as the simulation

code can generate them. The simulation software will be maintained in working order in case more

detailed knowledge of some aspect of detector response is desired.
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ABSTRACT

The Burst and Transient Source Experiment (BATSE), one of four experiments on the Gamma Ray Observatory

(GRO), is expected to provide the most sensitive observations of 7-ray bursts yet obtained, as well as to provide

- long-term monitoring of hard x-ray and low-energy 7-ray emission from bright pulsating sources, transients, and

solar flares. Eight unco[[imated modules, positioned at the corners of the spacecraft to provide an unobstructed

view of the sky, detect sources by various techniques based on time v_riability. Use of detectors with anisotropic
-response Mlows location of 7-ray bursts to be determined to an accuracy of --1 ° using BATSE data alone. The

completed BATSE underwent intensive testing and calibration prior to its delivery in October 1988 for integration

on the GRO. We describe the instrument and summarize the results of the testing and calibration as they relate

to characterization of systematic uncertainties in BATSE btirst location.

1. INTRODUCTION

A principal difficulty in understanding the nature of 7-ray bursts is that the distance to them is not known.

Identification of the bursts with known objects could provide this information, but attempts to do so have generally

been unsuccessful. The situation is further complicated by the fact that distinct classes of bursts may have different

properties and physically different origins. BATSE will detect and localize hundreds of 7-ray bursts per year. Such

a large sample will be required in order to infer the spatial distribution of the various classes, providing in turn the

pc_ibility of amocisting the bursts with other astrophysical objects. BATSE also has unprecedented sensitivity

for performing spectrc_:opy and studies of rapid variability in bursts.

We describe herein some of the testing, calibration, and simulation that are required in order to assure that

BATSE meets its design goals. Specifically, we consider the problem of burst location and its associated uncertainty.

2. INSTRUMENT DESCILIPTION

_,..j

BATSE has been describedin detailelsewhere,l Itconsistsofeightuncollimateddetectormodules placed atthe

cornersofthe GRO to providethe maximum unobstructed view of the celestialsphere. Each module includestwo

NaI(T_ scintillationdetectors:a relativelythinlarge-areadetector(LAD) optimized forsensitivityand directional

response,and a relativelythicksmaller-areaspectroscopydetector(SD) optimized forenergy resolutionand wider
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Figure 1: Pictorial representation of a BATSE module.

energy coverage. The _nisotropic directioual response of the LADs allows location of "f-ray bursm to be determined
using BATSE data alone.

The eight planes of the LADs are parallel to the eight faces of a regular octahedron, thus providing nearly
uniform sky coverage. The three primary axes of the octshedron are pazailel to the three principal axes of the
spacecraft. Since the faces of a regular octahedron comprise "fourintersecting sets of mutually parallel planes, every
burst will be viewed by four detectors.

A BATSE module is shown schematically in Figure 1. The LAD conta/ns a NsI(TI) crystal 50.8 cm in diameter
and 1.27 cm thick. At low energies where the crystal is opaque to incident radiation, the large diameter-to-thickness
ratio of the scintillation crystal produces a detector angular response similar to that of a cosine function. At energies
above about 300 keV, the angular response becomes flatter than a cosine. The LADs are uncollimated in the forward
hemisphere and passively shielded as described below in the rear hemisphere.

Scintillation light from the detector crystal is viewed by three 12.7 cm photomu|tiplier tubes (PMTs). The
signals from the three tubes are summed at the detector. The light collection technique is different from that
usually used with crystal scintillation detectors. Instead of directly coupling the PMTs to the crystal window, a
large light-integrating housing is used (Figure I). The housing is lined with passive lead/tin shielding and is coated
internally with a barium sulphate-based white reflector. The passive shielding is effective up to energies of about
200 keV. The front of the LAD is covered by a charged-particle detector (CPD) which uses a plastic scintillator to
reject charge-particle-induced events in the LAD.

The SD is an uncollimated NaI(Tt) scintillation detector 12.7 cm in diameter by 7.62 cm thick. A single 12.7
cm diameter PMT is directly coupled to the scintillation detector window. The housing of the PMT has a passive
lead/tin shield similar to that of the LADs. In order to provide high efficiency at energies as low as 15 keV, the
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front of the crystal bona/rig is fitted with a 7.62 cm diameter beryllium window. The axis of symmetry of an SD

is offset by _-15' _m the LAD axis for mechanical reasons. Since the angular response of the SD is more nearly
isotropic, there is no scientific requirement for coalignrnent with the LAD.

Each of the eight BATSE detector modules sends data to the Central Electronics Unit (CEU) which contains

hardware and software that accumulates the data into several large RAM memory areas and constructs the BATSE

telemetry packet. Telemetry rate limitations require the use of a variety of data encoding and compression strategies.

Extensive use of commandable parameters, plus the capability to re-program the flight software after launch, insures

.that BATSE will have the flexibility to respond to unforeseen conditions in orbit and/or newly discovered 7-ray

phenomena.

3. DEVELOPMENT OF DETECTOR RESPONSE MATRICES

A detailed knowlege of the detector response is necess_y for spectral analysis and for burst location. The

response is formulated in terms of a set of matrices that characterize the detector output for a given energy input.

The spectral response functions for the BATSE detectors, particularly the LADs, exhibit significant Compton tails

for higher input photon energies. This effect complicates not only the photon spectral deconvolution but also the use

_ of the LADs for reliable burst location. Furthermore, the LADs exhibit variations in light collection across the face

of the crystal of ._15%_ producing measurable effects on energy resolution and angular response. Several series of

calibrations have been performed in order to characterize these effects with sufficient precision to meet the BATSE
_scientific objectives. Although only portions of the data have been analyzed in detail, it is clear that a sufficient

combination of experimental data and simulations exkts to assure that the desired instrument performance will be
achieved.

In the remainder of this section we discuss the moet/mportant calibrations, with emphasis on the systematics

of burst location using the LADS. We also briefly describe the Monte Carlo modeling and present some prelim-

_inary results of attempts to simulate the labratory calibrations. A more general discussion of the Monte Carlo
methodology and the development of the BATSE response matrices may be found elsewhere. 2

3.1. Radial response measurements

The light-integrating housing used in the BATSE LADs allows relatively uniform light collection with fewer

PMTs than would be required for the more usual design in which PMTs are directly coupled to the crystal window.
A radial dependence of the light collection efficiency is, however, observable and has significant consequences for

detector performance. The effect is clearly evident in the shape of the full-energy peak measured during laboratory

calibrations. Figure 2 is an example of the spectrum in she region of the 662 keV peak of 137Cs when the full area

of the detector is exposed to the source. No simple gaussian gives a good fit to the peak shape. A gaussian which

provides a good fit to the high-energy side of the peak is clearly a bad fit on the low-energy side. Light collection

variations would naturally produce such a response since the interactions in regions from which light collection is

poor would result in a lower apparent energy.

In order to chara4:terize the radial response, a series of measurements were performed using a collimated source

to illuminate only local regions of the detector front face. As expected, the data showed that the peak response to

a collimated source is fitted well by a gaussian and that the centroid of the gaussian shifts to lower pulse height as

the radial position increases. The typical centroid shift near the edge is 15%.

Non-uniform lightcollectioncan in principlehave both azimuthal and radialcomponents. However, it was

expected from preliminary measurements with non-flightcrystalsthat azimuthal asymmetry would be relatively

unimportant. We thereforeattempted to model the peak shape by assuming azimuthal symmetry. In thiscase,the

peak shape p as a function ofenergy E isgiven by

p(E) = 2rr exp(-a(E - Eo(r)) 2) dr. (i)
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Figure 2: The on-axis response of a typical BATSE LAD to a ta¢Cs calibration source. Only the region near the

fuR-energy peak is shown. The histogram represents the data. Curve a is a fit to the peak region as described in

Section 3.1. Curve b is a Gaussian fit to the data at energies above the peak maximum.

Here E0(r) is the radial response (i.e., the apparent centroid energy at a distance r from the center), R is the radius
of the crystal, and a is an adjustable parameter. Although the analysis is not yet complete, a simple quadratic form

for E0(r) was found to give an acceptable fit to the data examined thus far. Substituting this form into Equation (1)

yields a model peak shape which is then fitted to the full-energy peak data by adjusting the parameter _. The

resulting shape is shown superimposed on the data in Fig¢re 2, from which it is clear that this model is quite

successful at accounting for the non-gaussian shape of the i37Cs peak. Similarly good results have been obtained
with line shapes from other calibration sources.

3.2. Angular response measurements

The ability of BATSE to locate "r-ray bursts results from the anisotropic angular response of the LADs. The

relative ei_ciencies and angular response have been measured at a discrete set of energies and angles. The measure-
merits were carried out in a high bay area in an attempt to reduce effects due to the walk and other surrounding

materials. A detector module was mounted on a rotatable table such that the LAD principal axis was horizontal

and perpendicular to the axk of rotation of the table. The module and table were mounted on a scaffold such

that the detector was --5 m above the floor and ~6 m from the nearest wall. A lead source holder/collimator was

mounted at the same height on a separate scaffold located -_12 m from the detector. Spectra were taken for each of

seven sources (laaBa, 6°Co, STCo, taTCs, 1°9Cd, 7SSe, and 24tAm) at each of 40 different angles with respect to the

LAD principal axis. Monte Carlo simulations are used to determine the response at other values of energy and/or

angle.

Figure 3 is an example of the results of the angular response measurements. Shown are ta¢cs spectra at various

angles from the principal axis of one of the LADs. The decrease in intensity as the off-axis angle increases is evident.

Also noteworthy is the shift of the peak toward lower apparent energy for the nearly edge-on (96') case. Figure 4

shows this effect more clearly, grere the measured shift is shown for two different energies as a function of the
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incident angle, The apparent peak energy i_ significantly smaller for angles of incidence between ,,-70 ° and ",110",
a result which iJ dua4n/ma:ily to the radial response characteristics. At large off-axis angles the incident 7-rays
interact predonfina_t M_ the edge of the crystal where the light collection is reduced relative to the center.

3.3. Monte Carlo simulations

In order to reproduce the experimental measurements with Monte Carlo calculations the detector geometry
and the test environment geometry must be simulated in sufficient detail. The BATSE methodology is disctu_d
extensively by Pendleton et al.2 The EGS electron-photon shower code_ is used together with a general geometry
routine written by G. N. Pendleton. Detector spectra are produced by convoiving the Monte Carlo energy deposition
with the measured radial response and statistical broadening. Figure 5 is an example of the simulations of the data
from angular response tests. Monte Carlo spectra of tsTC,s are shown for incident angles of 0" and 90°. The features

seen in the data (Figure 3) are generally well reproduced. The notable exception is the backscatter peak near 200
keV, for which the Monte Carlo simulation produces more events on the low-energy side of the peak than are
observed. These events are due to photons that scatter in the test environment before interacting in the detector.
Howev_, the spectra shown in Figure 5 were not generated with a complete representation of the angular response

calibration geometry; in particular, the large lead collimator was not simulated. Other preliminary simulations
which included the lead collimator have been successful in accounting for the detailed shape of the back,scatter
peak, and it is expected that calculations using a complete geometry will successfully simulate the entire spectrum.

3.4. Absolute efficiency calibrations

In order to measure the absolute efficiency of the detectors, nine modules (eight flight and one proto-flight)
were exposed to eight different laboratory standard sources with known actvities (241Am, la_Ba, l°sCd, STCo,
e°C,o, taTCs, 2°aHg, 2_Na, and say). The sources were located far enough ( .>.280 cm) from the detectors to assure
uniform illumination; the source-detector distances were measured to within -1-0.05%. In contrast to the angular
response calibrations, the absolute effciency measurements were carried out in a relatively small room, so that
nearby materiab in the calibration environment have a larger effect on the results. The goals of the calibration
were as follows:

1. Measurement of the absolute effeiencies of the LADs and SDs.

2. Measurement of the low-energy attenuation due to the presence of the thermal blankets that surround each
module.

3. Verification of the Monte Carlo simulations of the detector response.

The number of photons striking the front of each LAD is determined accurately from the known source activities
and the experimental geometry. The Monte Carlo simulations of the calibrations are verified by comparing both
absolute intensities sad spectral shapes. The success of the simulations for a representative source (2°3Hg) is
illustrated in Figure 6; here the simulations have been normalized to the data solely on the basis of the source
activity.

More than 99% of the events in the _°sHg full-energy peak are due to photons that enter the LAD "directly

without scattering in any of the surrounding material. In the Monte Carlo simulations, no arrangement of materials
in the test environment produces a significant contribution to the full-energy peak from photons scattering in the
test environment before interacting in the detector. Therefore, comparison of the counts in the measured and
simulated full-energy peaks yields an accurate assessment of the absolute detection efficiency. It is clear from
Figure 6 that the absolute efficiency is adequately understood.

In the absolute efficiency calibrations the sources were not collimated, so that scattering off objects in the test

environment has a more significant effect than for the angular response measurements. Since simulation of all
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Figure 5: Spectra produced by Monte Carlo simulations of the LAD exposed to a IsTcs source in the An1_llar
Response Test geometry. Spectra for O° and 90° incidence are shown. The axes have not been normalized to the
measured spectra (Figure 3).
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Figure 6: Comparison of measured and simulated spectra of a 2°3Hg source taken during the LAD absolute efficiency
calibrations. The solid histogram represents the data; the dashed histoEram represents the simulations,
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BATSE Burst Location Uncertainties

Source of Error

Systematic

Statistical

Detector Efficiences & Calibration

Detector Alignment & AJpect uncertainty

Spacecraft Scattering

Atmospheric Scattering

Subtotal (RMS)

(Burst size)
10 -7 erg.cm-_

10 -_ erg.cm -2

10 -s erg.cm-2

10 -4 er .cm -2

Table i: Estimated burst location accuracy

objects is impractical, simplified approximations were used in the simulations, which were designed to show only

that the total number of events in the backscatter region could be accounted for.

The effect of the thermal blankets on the spectrum was also determined in the absolute efficiency calibrations.
Comparisons of total energy deposited in each detector with and without the thermal blankets verified that the

blankets have less than 1% effect on the absolute efficiency over most of the LAD energy range.

4. CAPABILITIES FOR BURST LOCATION

The directions to burst sources will be determined by comparing relative counting rates among the LADs.

The concept of using several detectors with anisotropic angular response for determining burst locations was first

elaborated by Golenetskii et a/. 4 For sufficiently strong bursts, the accuracy of the locations thus obtained is limited
by various systematic errors. Table I summarizes the estimated BATSE burst location uncertainties. Uncertainties

in detector response determination are estimated to result typically in a location uncertainty of 0.40. It is expected

that scatteringfrom the GRO spacecraftand the Earth's atmosphere willalso be determined well enough to

contributea similaramount to the locationuncertainty.

Radiation scattering from the spacecraft normally enters the LAD from behind. Although the light collection

cones include some passive lead/tin shielding which reduces this component at low energies, this component is
expected to be a significant source of error in burst locations. In order to characterize the effect, measurements of

spacecraft scattering using radioactive sources were performed after instrument integration at TRW. The measure-

ments will be supplemented by Monte Carlo calculations which use a detailed mass model of the GRO spacecraft.

This should allow reduction of the systematic error due to spacecraft scattering to 0.4 ° for the typical burst.

Scattering of burst photons in the Earth's atmosphere is also & significant source of systematic uncertainty.
This effect is much larger than spacecraft scattering, but can be simulated more easily in this case because of the

well-known geometry and composition of the atmosphere. The uncertainty is strongly dependent on the elevation

of the burst above the Earth's limb; a value of 0.4 ° is expected to be attainable for the typical burst. Extensive

Monte Carlo modeling of atmospheric scattering has been performed previously, s Further studies are planned.

The total systematic error is expected to be somewhat less than 1° for the typical burst. A number of approaches
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will be _ in orbit to confirm the response determination and to reduce systematic errors further. With eight
detectors the locafimLis overdetermined. Since each burst is observed directly by four detectors, while only three

are needed to compute • location, an estimate of the systematic error is available for each burst. Detectors facing

away from the burst, but facing the atmosphere, will provide measurements of atmo6pheric scattering. Systematic

corrections can be improved by using independently-located bursts such as solar flmms, bursts located by the

interplanetary network, and possibly even orbiting nuclear reactors.

Statistical errors as a function of burst fluence are also provided in Table 1, which indicates that BATSE should

be able to determine locations to better than I o for bursts larger than about 10 -s erg-cm -2 (i.e., several dozen

bursts per year).

5. SUMMA_BY

The BATSE detectorshave been subjected to intensivetestingand calibrationinorder to a_ure that system-

aticerrorswillnot compromise the instrument'sscientificobjectives.In combination with detailedMonte Carlo

simulations,the calibrationscan and willbe used to develop the detectorresponse matrices neceslaryforreliable

T-ray burstlocation.
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